We have succeeded in growing single crystals of orthorhombic CeT 2 Al 10 (T =Fe, Ru, Os) by Al self-flux method for the first time, and measured the electrical resistivity ρ at pressures up to 8 GPa, the magnetic susceptibility χ and specific heat C at ambient pressure. These results indicate that CeT 2 Al 10 belongs to the heavy fermion compounds. CeRu 2 Al 10 and CeOs 2 Al 10 show a similar phase transition at T 0 = 27.3 and 28.7 K, respectively. The temperature dependences of ρ, χ and C in the ordered phases are well described by the thermally activated form, suggesting that partial gap opens over the Fermi surfaces below T 0 . When pressure is applied to CeRu 2 Al 10 , T 0 disappears suddenly between 3 and 4 GPa, and CeRu 2 Al 10 turns into a Kondo insulator, followed by a metal. The similarity of CeT 2 Al 10 under respective pressures suggests a scaling relation by some parameter controlling the unusual physics in these compounds. Recently, Strydom has reported that orthorhombic YbFe 2 Al 10 -type CeRu 2 Al 10 shows a phase transition at 27 K. He proposed that the transition is attributed to a magnetic ordering and the paramagnetic phase is a semiconductor. 3 CeRu 2 Al 10 is a cage structure compound, where Ce ion is surrounded by 16 Al
of polycrystalline samples including impurity phases, it should not be concluded that the transition is magnetic. Furthermore, the ordering temperature is surprisingly high to regard as a magnetic one. Indeed, GdRu 2 Al 10 orders magnetically at 16.5 K from our experiment, and if we simply apply the de Gennes law, the expected T M of CeRu 2 Al 10 is less than 0.1 K. In addition, the cell volume is smaller than the value expected from the lanthanoid contraction, suggesting CeRu 2 Al 10 is located in the valence fluctuation regime. Moreover, Muro et al. recently have reported CeFe 2 Al 10 with the same structure is a Kondo semiconductor. 6 Since these studies were performed on polycrystalline samples, research using single crystals is required to reveal the origin of the transition of CeRu 2 Al 10 and the relationship between CeRu 2 Al 10 and CeFe 2 Al 10 .
The purpose of this study is to clarify the properties of the phase transition in CeRu 2 Al 10 and the relation with isostructural CeT 2 Al 10 (T =Fe, Os). In order to achieve this, we have grown single crystals of CeT 2 Al 10 (T =Fe, Ru, Os), and performed the electrical resistivity ρ under pressure, magnetic susceptibility χ and specific heat C measurements. In this paper, we describe mainly CeRu 2 Al 10 and use T 0 as the transition temperature in order to distinguish from T M .
Single crystals were grown by Al self-flux method. The detail is described in our previous paper. 7 X-ray powder diffraction confirmed single phase for all samples and the crystallographic axes were determined using back reflection Laue method. The lattice constants were a=9.158Å, b=10.266Å, c=9.119Å for CeRu 2 Al 10 , a=9.009Å, b=10.227Å, c=9.076Å for CeFe 2 Al 10 , and a=9.164Å, b=10.253Å, c=9.137Å
for CeOs 2 Al 10 . Their cell volumes deviate from the lanthanoid contraction. The electrical resistivity was measured using a standard ac or dc four-probe method. The magnetization was measured using MPMS.
The specific heat was measured using PPMS. The low pressure (∼1.5 GPa) and high pressure (2∼8 GPa) were generated by a CuBe piston cylinder device and a cubic anvil device, respectively. As shown by the dash-dotted curves, the temperature dependences above T 0 cannot be fitted completely by the thermally activated form A 0 exp(∆ T /2T ) pointed out by Strydom. 3 The obtained ∆ T for narrow fitting range are about 40 K, twice as large as the value obtained by Strydom. 3 1/T 1 measurements of our 27 Al NQR study does not indicate any gap-type temperature dependence above T 0 . 8 Lying on straight lines in a semi-logarithmic plot of ρ(T ) above ∼100 K might be due to Kondo effect. As indicated by the dotted curves, ρ(T ) for all axes below T h are relatively well described by the expression as used by Strydom: 3 Fig. 4(a) is the behavior below ∼10 K. The metallic decrease at low temperatures initially turns into semiconducting-like increase by applying pressure. Further increase in pressure gradually weakens semiconducting increase and finally metallic decrease appears again above 5 GPa. T 0 increases gradually and reaches a maximum value at around 2 GPa, and then disappears suddenly between 3 and 4 GPa as pressure increases. The hump appeared below T 0 is little affected by pressure below 2 GPa, but shrinks at 3 GPa, and finally collapses with T 0 . At 4 GPa, where T 0 disappears, a broad peak emerges at around 80 K. The peak temperature increases roughly in proportion to pressure, and reaches to room temperature at 8 GPa. The shape of ρ(T ) at 4 GPa, which is very similar to that of CeFe 2 Al 10 , 6 suggests a Kondo semiconductor. When pressure is further applied, semiconducting increase at low temperatures disappears and changes into metallic behavior above 5 GPa. The ρ(T ) above 5 GPa is very similar to the canonical 6/9
T 2 at low temperatures through a broad maximum.
As shown in the inset in Fig. 4(b) , ρ m is in proportion to T 2 over wide temperature range. The T 2 coefficient at 5 GPa is ∼0.7 µΩcm/K 2 . If Kadowaki-Woods relation holds, 10 the electronic specific coefficient would be expected to as ∼84 mJ/K 2 mol for HF state. Usual HF state is realized in a region where a magnetic order is suppressed. Whereas, this HF state in this compound is realized due to the suppression of phase transition with non-magnetic origin. Superconductivity sometimes appears at around quantum critical point where a phase transition disappears. We have tried to measure the ρ(T ) down to 0.7 K at pressures of 4.6 and 5.9 GPa using a Palm cubic-anvil device, but no superconducting transition was detected. disappears and a broad maximum appears at around 100 K at 2 GPa and the maximum temperature increases with pressure. This is also expected from the pressure dependence of CeRu 2 Al 10 . The detailed pressure experiment will be published in a forthcoming paper.
In summary, we have firstly succeeded to synthesize single crystals of CeT 8/9
